There is a widely held conviction that small infants are unable to breathe through their mouths (Beinfield, 1954; Moss, 1965; Ingall et al., 1965; Pracy, 1972) , and it has been suggested that nasal obstruction might be a causative factor in sudden unexpected death in infancy (SUDI) (Emery, 1958; Beinfield, 1959; Shaw, 1968 . A small number of infants have been described (Anderson and Rosenblith, 1971 ) who died unexpectedly in the first year and who recorded slow inadequate neonatal responses to stimuli applied to the nose and mouth during the Modified Graham Behaviour Test (Rosenblith, 1961) .
The infant's responses to exogenous stimuli are dependent upon the endogenous 'state' of that individual (Prechtl and Beintema, 1964; Hutt, Lenard, and Prechtl, 1969) . As SUDI occurs more commonly at night (Froggatt, Lynas, and MacKenzie, 1971 ) and probably during sleep (British Medical Journal, 1971) , it was considered important to investigate the normal variation of responses to nasal occlusion during sleep states, with the aim of developing a method of examining a normal child that would be both completely safe and give an indication of the child's likely reaction to nasal blockage of any dangerous duration.
Methods Two groups were examined: 110 newborn infants and 66 infants with a mean age of 6 weeks. Received 20 June 1973. Newborn group. 110 normal, term (by dates) infants were examined on the 4th postnatal day. 10 of these were withdrawn from the series because of wakefulness, crying, or inadequate recording. 90 of the 100 had Apgar scores of 8 or more at one minute and none of the infants was causing medical concern at the time of examination. On gestational assessment (Dubowitz, Dubowitz, and Goldberg, 1970 ) 2 infants were shown to be of 36 weeks' gestation. The infants were wheeled in their cots to the ward nursery which had a constant temperature (21-26 7°C), low noise level, high humidity, and good light source. Observation of the infant was made by two people for at least one minute to assess the 'state' of the infant, grading according to Prechtl and Beintema (1964) and Hutt et al. (1969) Lip-tap reflex. The results of testing in the newborn period are shown in Table I . The recorded responses were in general agreement with Prechtl et al. (1967) . The monosynaptic jerk reflex was more often positive in state 1 (non-REM sleep), and the polysynaptic protrusion reflex was more often positive in state 2 (REM sleep). However, Some responses had the characteristics of two of these grades and were categorized with both letters concerned.
In the newborn group the most important results concern the two extremes of responses, namely grades A and E (Table II) . Response grade E, with no arousal and no attempt to initiate oral respiration, was found in 3 % of infants, all of whom were sleeping with REMs present. In addition, 10% did In the 6-week group 60% of the infants were in wakeful states (Table III) . Probably because of this bias, 15% of infants tested (all awake) were able to initiate quiet efficient mouth breathing (grade A), but 44% (7 out of 16) of the infants asleep with REMs showed poor responses (grades E and D). 4 out of 11 6-week babies in definable state 2 REM sleep did not struggle or become aroused from sleep to establish oral respiration. Templeman, 1892; Richards and McIntosh, 1972) , smothering (Banks, 1958; Coe and Hartman, 1960) , accidental suffocation (Barrett, 1954; Boucher, 1958; British Medical Journal, 1958) , laryngospasm (Bergman, 1970; Pinkham and Beckwith, 1970) , and nasal obstruction (Emery, 1958; ) have all been suggested as possible mechanical causes of sudden unexpected death in infancy. Beinfield (1959) warned that choanal atresia should be considered, but this has not been substantiated in any subsequent survey (Valdes-Dapena, 1967) . However, he did point out, as other authors have (Eichenwald and McCracken, 1969) , that a few infants with bilateral atresia of the posterior nares survive by breathing through their mouths, and the deformity may be discovered at a later age. Moss (1965) suggested that infants in the first few months are 'obligatory nose breathers' due to the high cephalad position of the cervical viscera with close apposition of the soft palate to the tongue and epiglottis, the so-called 'velo-lingual' and 'veloepiglottic' sphincters. Experiments have been When their noses were occluded, 5% of sleeping newborns were able to mouth breathe successfully. 82% were stimulated sufficiently during sleep to gasp or cry. But 13% either took longer than 25 seconds to cry or did not attempt to initiate an oral airway.
The mouth-breathing responses in some of the 6-week infants seemed to differ from those in the newborn, particularly during REM sleep. 7 out of 16 (44%) ofthe older infants asleep with REMs were wholly or partially unable to establish an oral airway within 25 seconds as compared with 11 of 66 (17%) newborns studied. 4 out of 11 older infants who were in steady state 2 (REM sleep) exhibited no signs of arousal when nasal occlusion was performed. The 6-week infants who did arouse and struggle exhibited far more obstructive sounds at the back of the throat than the newborn infants.
A further indication of the diminishing efficiency of the older group was shown in the average times taken to make an adequate inspiration (either gasping or crying). The average was considerably shorter in the newborn than in the 6-week infant. Five infants were sucking dummies at the time of nasal occlusion. They were able to breathe through the mouth around the dummies without awakening, but as the dummies were removed, the infants showed pharyngeal obstructive signs similar to the other infants. Presumably the dummy pushes the tongue down from the soft palate breaking the velo-lingual sphincter.
Several explanations may be advanced for the poor oral responses in the 6-week babies. The anatomy of the infant's mouth and pharynx which hinders an oral respiratory route has been mentioned. During REM (paradoxical) sleep the larynx and pharyngeal muscles are atonic as reflected by electromyography (Oswald, 1966) , monosynaptic reflexes are commonly abolished, and polysynaptic reflexes are diminished (Lenard, Von Bernuth, and Prechtl, 1968) . These features, combined with an inability to be activated quickly from REM sleep (Jouvet, 1967) , might account for the noisy obstructive sounds at the back of the throat and for the poor arousal of some infants.
In the newborn the clinical delineation of sleeping states is more difficult than in older infants and adults (Sterman, 1972) . Atypical or transitional sleep constitutes approximately 40% of total sleep time in the term infant (Parmelee et al., 1967) , and can only be readily defined by polygraphic recording techniques. Many of the newborns tested may have been in this transitional state and were more readily stimulated to establish an airway than the 6-week infants with more mature REM sleep cycles.
REM sleep is associated with a higher incidence of periodic breathing, and at the onset of each flurry of REM cycles there is a systematic decrease in amplitude of respiration with a tendency towards apnoea (Aserinsky, 1965) . Laboratory sleep studies monitoring heart rate, respiratory rhythms, and eye movements in a group of infants referred because of recurrent cyanotic attacks revealed frequent short periods of apnoea. They were most marked during REM sleep and diminished with increasing age (A. Steinschneider, personal communication, 1970) . Some of the prolonged apnoeic spells required vigorous resuscitation, which suggests that the sudden apnoea, closely associated with REM sleep and age dependent, may be part of the pathway leading to sudden death. Similar prolonged apnoeic attacks have been provoked in immature monkeys (French, Morgan, and Guntheroth, 1972) by nasal occlusion or cold thermal stimuli applied to the face (suggestive of the dive reflex, Wolf, 1966) . The reflex apnoea disappeared as the monkeys grew slightly older.
The present study provides evidence suggesting that 5 to 10% of all the sleeping newborn infants showed delayed initiation of mouth breathing after nasal occlusion during REM sleep and that this proportion increased at 5 to 7 weeks. Prolonged delay in the response to airway obstruction could cause hypoxia or trigger a reflex which, during REM sleep, might produce fatal apnoea. As the infant matures beyond the age of 5 to 6 months, the apnoea response disappears, except in a few unusual cases, and it is at a similar stage of maturity that the mouth breathing reflex is established in the majority of children.
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